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INTRODUCTION

Jatropha curcas L. (Common name- Ratanjyot) is a

multipurpose, stress resistant, zero-waste perennial and

monoecious plant. It is one of the important plants of family

Euphorbiaceae which is considered as a potential source of

non-edible fuel-producing plant.

In recent years, this plant has received extensive attention due

to medicinal significance and for its seed oil as commercial

source of fuel (Datta and Pandey, 1993). The superior quality

oil can be extracted from the seeds. The oil can be used as a

mixed fuel for diesel/gasoline engines (Yoshifumi, 1982). The

oil is not edible due to the presence of toxic substance

“Curcascine”. It is conventionally used in making soaps,

candles, paints, lubricants and medicinally as a purgative

(Dastur, 1952; Sujatha and Mukta, 1996).

Conventionally, the seeds and cuttings are commonly used

for its propagation but the heterozygosity in seeds and the

seasonal limitation of cuttings are the major constraints. It has

also been reported that vegetative cuttings are not deep-rooted

and are easily uprooted as they do not form a taproot system

(Sujatha et al., 2006).

To overcome the above mentioned difficulties, in vitro

cultivation of the Jatropha sp. is the better option as it offers

rapid and continuous supply of planting material and the

evaluation of micropropagated J. curcas has revealed that they

were at par with seed propagated plants in terms of yield and

yield related traits (Sujatha and Mukta, 1996)

In vitro culture studies were undertaken in different species of

Jatropha. Morphogenesis from endosperm tissues has been
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reported in J. panduraefolia (Srivastava, 1971; Johri, and

Srivastava, 1973; Srivastava and Johri, 1974) High frequency

regeneration from various explants of J. integerrima has been

reported (Sujatha and Dhingra, 1993). Using different explants,

plant regeneration protocols have also been described in

Jatropha curcas (Sujatha and Mukta, 1996; Qin et al., 2004;

Rajore and Batra, 2005; Sujatha et al., 2006), but multiplication

rate was low for field applications.

In the present investigation, our objective was to improve the

micropropagation efficiency using embryo and nodal explants.

It has been reported that nodal meristems are an important

source tissue of micropropagation and plants raised from these

are comparatively more resistant to genetic variation (Pierik,

1991) and the disease free plants can be regenerated.

MATERIALS AND METHODS

All the experiments conducted in the present investigation

were performed in the Department of Tissue Engineering, Jacob

School of Biotechnology and Bioengineering, SHIATS,

Allahabad and following materials and methodologies were

employed:

Explant sources

Seeds of Jatropha curcas were collected from the Nursery,

Department of Forestry, SHIATS, Allahabad, (UP). The seeds

were treated with 0.1% Bavastin for 10 min. and washed with

distilled water for five times. Seeds were again sterilized with

70% ethanol and 0.1% HgCl
2
 for 45 sec. and 3 min

respectively and rinsed again with sterile distilled water five

times. The embryos extracted with scalpels in the Laminar Air



252

G. D. RAM et al.,

Flow chamber and inoculated on growth regulator-free MS

medium with radicles in contact with medium, then epicotyls

were taken from one-month-old in vitro grown plantlets and

inoculated in MS with different concentrations and

combinations of phytohormones.

Culture conditions

All explants were cultured on MS medium (Murashige and

Skoog, 1962) with sucrose (3% w/v) and solidified with (0.8%

w/v) agar. The pH was adjusted to 5.8±0.2 using 1N NaOH

or 1N HCl solution before autoclaving. The cultures were

incubated at 25ºC±2ºC in darkness or under 14h photoperiod

using cool, white fluorescent lights (during subculture). Calli

and regenerated shoots were recorded within 30 days.

Root induction

Single elongated shoots (1-2 cm long) were used for the

induction of roots on MS medium under same conditions as

for shoot induction. Root formation was evaluated after 30

days.

Transfer to soil

The regenerated plants with well developed shoots and roots

were transferred to pots containing an artificial soil mixture for

hardening at 25ºC±2ºC under diffuse-light (16/8-h

photoperiod) conditions. To keep high humidity, potted

plantlets were covered with polyethylene membranes and

watered with liquid ½ MS medium free of sucrose every day.

Two weeks later, the membranes were removed. The plantlets

were acclimatized for another week and then transferred to a

greenhouse.

Statistical analysis

Analysis of variance for all treatments in Randomized Block

Design was carried out. The significance and non-significance

of the treatment effect was judged with the help of ‘F’ variance

ratio test. Calculated ‘F’ value was compared with the table

value of ‘F’ at 5% level of significance. The significant
differences between the means were tested against the critical

differences at 5% level of significance. For testing the

hypothesis, the ANOVA table was used.

RESULTS

Effect of various growth regulators on shoot regeneration

Explants cultured on MS medium containing growth regulators

(BA/IBA/NAA) singly as well as in combination varied in

response with respect to shoot length and number of shoot

buds obtained per explant (Table 1). Explants remained green

fresh but very insignificant shoot growth was observed i.e. 1.4

cm. in 3-4 weeks in growth regulator free medium. Maximum

growth was found in treatment having composition MS +

BAP (3.0 mg/L) + IBA (1.0 mg/L) which showed 5-6 shoot

buds and 3.7 fold increase in shoot length over control (Fig.

1). This clearly indicated that BAP in combination with low

concentration of auxin produced more number of shoots.

The effect of BAP and NAA in combination was also studied.

MS with BAP (2.0 mg/L) + NAA (0.5 mg/L) produced 5-6

shoots showing 3.3 fold increases in shoot length over control.

But by increasing the concentration callusing occurred which

suppressed the growth of plant. When BAP was used alone in

the MS medium, 2-3 shoots were obtained with 0.7 fold

increase in shoot length over control.

Effect of various growth regulators on callus differentiation

Callus formation was observed within three to four weeks on

embryo explant cultured on MS medium supplemented with

varying concentration of plant growth regulators. Callusing

was initiated after 7-10 days of inoculation. The callus

induction always preceded by swelling of the explant. The

phytohormones NAA, IBA and BAP were supplemented

separately at different concentration to the MS basal medium

(Table 2). The combination of BAP+IBA was found to be the

best for producing green, compact and fast growing callus.

Callus produced by IBA was green and later turned brown

and showed limited growth. NAA (0.5-1.0 mg/L) was further

tried with various concentrations of BAP and IBA to obtain

well responses. It was observed that a combination of BAP

Types  of media Hormonal combination (mg/L) Time  taken in weeks No. of shoots Shoot length (in cm.)

BAP NAA IBA

Control (M
1
) - - - 3-4 - 1.4

M
2

1.0 - - 3-4 2-3 2.1

M
3

2.0 - 0.5 2-3 4-5 4.2

M
4

1.0 0.25 - 3-4 3-4 3.8

M
5

2.0 0.5 - 2-3 4-5 4.7

M
6

3.0 - 1.0 1.5-3 5-6 5.1

Table 1: Shoot regeneration on different hormonal combination.

S. Ed. (±) 1.482; CD at 5%   2.996

shoot regeneration

Explant

Figure 1: Shoot regeneration in MS medium supplemented with BAP

(3.0 mg/L) and IBA (1.0 mg/L)
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(1.5 mg/L) and IBA (1.0 mg/L) was best for callus induction

(Fig. 2). The callus so produced was compact and green. It

grew profusely and possessed high regeneration potential.

Rooting and plantlet establishment

In vitro shoots when transferred to ½ MS strength medium

with IBA (2.0-3.0 mg/L) and NAA (1.0-4.0 mg/L), the rooting

was comparatively better in ½ strength MS medium with IBA.

Root initiation started after two weeks of culture on rooting

medium with (3.0 mg/L) IBA and showed best rooting with 3

fold increase in root length as compared to control (Fig. 6).

While with ½ MS medium with NAA (1.0-4.0 mg/L) profuse

callusing formation took place and no root formation occurred

(Table 3).

Acclimatization

After 2-3 weeks of culture of shoots on rooting medium the

plantlets were transferred to pots containing a mixture of

garden soil mixed with vermiculite and sand (1:1:1) for

hardening and acclimatization.

DISCUSSION

The objectives of present investigation were to develop an

efficient protocol for shoot regeneration of Jatropha curcas

and analyze the effect of hormonal combinations on callus

differentiation. Embryo culture is one of the most widely used

in vitro methods for shoot regeneration which involves the

exploitation of embryo explants on basal media as used by

Jyoti et al. (2000) and Jesus et al. (2003).

For callus differentiation the sterilized explants were transferred

into solid MS media containing BAP, NAA, and IBA in various

combinations and concentrations. Rajore and Batra (2005)

used various auxins viz. IAA, IBA, NAA which were

supplemented separately at different concentrations (0.5-5.0

Table 3: Effect of various growth regulators on rooting and plantlet establishment

Media½ MS Hormonal combination (mg/L) Time taken in Weeks Length of root cm.) No. of roots Survival  rates

NAA IBA

Control(M1) - - 3-4 0-0.5 0-1 0%

M2 1.0 - 2-3 1-1.5 2-3 60%

M3 3.0 - 1-2 2-2.5 3-4 80%

M4 4.0 - 2-3 1-1.5 1-3 75%

M5 2.0 2.0 1-2 1.5-2 3-4 90%

M6 - 3.0 1-2 2-3 4-5 95%

S. Ed. (±) 4.417; CD at 5% 8.926

Types  of media Hormonal combination ( mg/L) Callus induction Time  taken ( weeks) No. of shoot buds Shoots length  (cm.)

BAP NAA IBA

Control(M
1
) - - - - 4-5 - 1.4

M
2

0.5 0.5 - + 3-4 1-2 1.7

M
3

1.0 - 0.5 ++ 2-3 2-3 2.3

M
4

1.5 - 1.0 +++++ 2-3 5-6 4.7

M
5

1.5 - 1.5 +++ 3-4 3-4 3.6

M
6

2.5 1.0 2.5 ++ 4-5 2-3 2.3

Table 2: Effect of various growth regulators on callus differentiation

S. Ed. (±) 2.100; CD at 5% 4.245

Figure 2: Callus differentiation in MS medium supplemented with

BAP (1.5 mg/L) and IBA (1.0 mg/L)

shoot formation

Callus

Figure 3: Root induction in MS medium supplemented with IBA (3.0

mg/L)

Soot

Rooting
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mg/L) to the MS basal medium. NAA was found to be the best

for producing green, compact and fast growing callus, the

optimal concentration being (1.0 mg/L). Similar result was

reported by Sujatha and Mukta (1993). Present work has some

variations with their result showing combination of BAP and

IBA to be best for callus induction in media containing BAP

(1.5 mg/L) and IBA (1.0 mg/L) after 25 days in light condition.

Increasing or decreasing this concentration affected the

callusing negatively. This result is in accordance with

Thepsamran et al. (2006).

For shoot regeneration the sterilized callus were cultured on

solid MS media containing BAP, IBA and NAA in various

combinations and concentrations. The best shoot induction

was observed in cultures containing BAP (3.0 mg/L) and IBA

(1.0 mg/L) in light condition after 15-20 days of inoculation of

callus. Increasing and decreasing this concentration reduced

the no. of shoot buds. The cultures kept in dark condition

showed very insignificant response. Shoot induction was also

observed in the cultures containing NAA (0.5 mg/L) and BAP

(2.0 mg/L) kept in light condition after 20-25 days of inoculation.

Similar results were obtained by Srivastava and Banerjee

(2008). Some other workers also have reported a combination

of cytokinin and auxin to be fruitful for clonal propagation as

by Joshi and Dhar (2003).

In vitro shoots when transferred to ½ MS strength medium

with IBA (2.0-3.0 mg/L) and NAA (1.0-4.0 mg/L), the rooting

was comparatively better in ½ strength MS medium with IBA.

Root initiation started after two weeks of culture on rooting

medium with (3.0 mg/L) IBA which showed best rooting with

3 fold increase in root length as compared to control. While

with ½ MS medium with NAA (1.0-4.0 mg/L) profuse callusing

took place and no root formation occurred. The present result

has confirmed the findings of Scott (1972).
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